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Emergency repair of acutely symptomatic but
nonruptured abdominal aortic aneurysm (AAA) is
associated with increased morbidity and mortality
rates when compared with elective or semielective
operation and should be avoided whenever possi-
ble.1-4 However, for a surgeon to defer surgery on a
symptomatic AAA until an elective list, he or she
must be able to exclude rupture with confidence, a
judgment that can be difficult on the basis of histo-
ry and examination alone in a significant proportion
of patients. This issue becomes particularly difficult
when the patient has borderline fitness for surgery.
Perusal of the literature suggests that, even in cases
where there is little clinical doubt, there is an
increasing tendency to resort to computed tomogra-
phy (CT) to augment clinical decision making. The
aim of this study was to determine the accuracy of
CT in the assessment of patients with suspected (but
not clinically definite) ruptured AAA. This is the
largest reported series to date in which CT findings
have been compared with operative findings in a
consecutive series of patients with suspected rup-
tured AAA.
METHODS
The Edinburgh Regional Vascular Surgical Unit
serves a population of 1.2 million in Southeast
Scotland. Interrogation of our prospectively gath-
ered computer database identified 652 patients
admitted on an emergency basis to this unit with
suspected ruptured AAA between January 1, 1989,
and December 31, 1996 (Fig. 1). Four hundred 
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seventy-one patients (380 men, 91 women with a
median age of 72 years, range, 46 to 89 years)
underwent emergency operation for ruptured (377)
and symptomatic nonruptured AAA (94). Ninety
patients (66 men, 24 women with a median age of
69 years, range, 43 to 86 years) underwent elective
repair of symptomatic nonruptured AAA. A further
77 patients (49 men, 28 women with a median age
of 80 years, range, 59 to 93 years) with rupture did
not undergo operation because they were deemed
unfit for surgery as a result of associated illness or
extreme age, their clinical condition had deteriorat-
ed such that they were considered unfit for repair, a
decision was made to operate but death occurred
before reaching the operating department, or the
offer of operation was declined. Fourteen patients
(six men, eight women with a median age of 71.5
years, range, 64 to 78 years) underwent emergency
operation for suspected ruptured AAA but were
found to have another cause for their symptoms and
signs. Ten patients had a “surgical” cause for their
presentation, seven had a nonaneurysmal aorta, and
seven had a nonruptured AAA (Table I). Ten
patients in this group underwent imaging before
operation: plain abdominal radiography (six), a cal-
cified rim of aorta being demonstrable in three,
abdominal ultrasonography (three), computed
tomography (two), endoscopy of the upper gas-
trointestinal tract (one), and aortography (one).
During the 8-year study period 74 patients
(11.3%) underwent urgent CT. In all of these
patients clinical uncertainty was present about the
cause of their symptoms and signs, and CT was per-
formed with the aim of confirming or excluding
ruptured aneurysm. Two of these patients under-
went CT before operation for suspected ruptured
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Table I. Clinicopathologic data for 14 patients undergoing “negative” laparotomy for suspected ruptured
abdominal aortic aneurysm
Age Abdominal/ Palpable
(yr) Sex back pain mass Hypotension Operative findings AAA (diameter)
69 F Y N Y Cholecystoduodenal fistula, gallstone N
ileus, small bowel perforation,
acute aortic occlusion
66 F Y Y N Normal N
72 F Y N Y Hemorrhage from splenic hilum N
69 F Y N N Poorly differentiated carcinoma N
involving aorta, colon, and ovary
74 F Y Y N Benign gastric smooth muscle tumor N
77 M Y N N Normal N
71 M Y Y Y Retroperitoneal hematoma from renal N
cortical cyst
68 F Y Y Y Pyonephrosis Y 4 cm
76 M Y Y N Disseminated carcinoma involving Y 3.2 cm
small bowel mesentery and liver
64 M Y Y N Empyema of gall bladder Y 6.2 cm
78 M Y Y Y Retrocaecal gangrenous appendicitis Y 7 cm
73 F - * Y Y Spontaneous splenic rupture Y 3.6 cm
`
77 F Y Y N Infarcted gall bladder Y 6.5 cm
69 M Y Y N Acute cholecystitis Y 8 cm
M, Male; F, female; Y, yes; N, no; *, patient ventilated; IPPV, intermittent positive pressure ventilation; USS, abdominal
ultrasound scan; IVU, intravenous urogram; ARF, acute renal failure; RRT, renal replacement therapy; CVA, cerebrovascular
accident; TAAA, thoracoabdominal aortic aneurysm.
AAA and were found to have another cause for their
symptoms and signs (Table I). The hospital case
records, discharge summaries, operation notes, and
CT scan reports were reviewed. There were 47 men
and 27 women with a median age of 73 years (range,
52 to 86 years). Fifty patients were referred directly
to this unit, and 24 were initially admitted under the
care of general surgery (13), general medicine (10),
or urology (1). Five patients underwent CT in one
of two major teaching hospitals before being trans-
ferred to this unit. Although no data existed to allow
comparison among the five CT scans performed in
the other hospitals and the scans performed in this
hospital, there was no suggestion that the quality of
CT or the seniority of the radiologist interpreting
the CT was any different among the hospitals. Sixty-
nine patients underwent CT in this hospital, and 28
(41%) had injection of intravenous contrast media.
An IGE 9000 scanner (General Electric) was used
for the first 56 examinations, the protocol dictating
that 10 mm thick images were obtained of the entire
aorta from the arch down to and including the iliac
arteries. For the remaining 13 examinations an IGE
HiSpeed Advantage RP scanner (General Electric)
was used to obtain 5 mm slices. The CT findings
used to diagnose ruptured AAA are those reported
by Siegel and Cohan.5 The data presented are based
on the initial reports issued at the time of CT by the
most senior duty radiologist; of 69 CT scans per-
formed in this hospital, 13 were interpreted by a
consultant radiologist and 56 by a senior registrar in
radiology. The final decision of whether to operate
was made by the attending surgeon on the basis of
the developing clinical picture, the CT findings, and
discussion with the duty radiologist.
RESULTS
During the study period the operative mortality
rate for ruptured aneurysm was 148 of 377 (39%),
and for emergency and elective repair of sympto-
matic nonruptured AAA it was 17 of 94 (18%) and
8 of 90 (9%), respectively. No patients with ruptured
aneurysm who did not undergo operation survived.
Three (21%) deaths occurred among the 14 patients
who were found at operation to have another cause
for their symptoms and signs, two with disseminated
carcinoma and one with small bowel perforation and
acute aortic occlusion (Table I). The overall in-hos-
pital mortality rate for patients admitted with sus-
pected ruptured AAA (including 77 patients with
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Fig. 1. Outcome of 652 patients admitted with suspected
ruptured abdominal aortic aneurysm.
Operative procedure Outcome
Gallstone extraction, Died 1 hour after operation
axillobifemoral bypass,
repair of perforation
No procedure No complications
Splenectomy IPPV 4 days
No procedure Died day 5 after operation 
of stroke and chest infection
Partial gastrectomy No complications
No procedure Confusion, continued pain
Nephrectomy and No complications
splenectomy
Drainage Sepsis, IPPV 9 days, ARF, RRT,
below-knee amputation for
ischemia, perforated sigmoid
colon, repeat drainage
of perinephric abscess
AAA under surveillance
No procedure Died day 1 after operation
Cholecystectomy No complications. Elective
AAA repair 4.5 months
after cholecystectomy
Appendicectomy Cardiac failure, chest infection,
IPPV 2 days
Declined AAA repair
Splenectomy IPPV 3 days, enteral feeding
AAA under surveillance
Cholecystectomy No complications. AAA under
surveillance
Cholecystecomy No complications. TAAA not
repaired. Patient died from
CVA 7 months later
ruptured AAA who did not undergo operation) was
253 of 652 (39%).
CT was performed in 74 patients (11.3%).
Infrarenal AAA was present in 67, thoracoabdominal
aortic aneurysm in 4, suprarenal aneurysm in 2, and
juxtarenal aneurysm in 1 patient Seven patients
(median age 78 years, range, 73 to 86 years) did not
undergo operation, and clinicopathological data, CT
findings, and outcome are shown in Table II. Sixty-
seven patients underwent emergency operation or
were on the next available elective operating list. An
aortic graft was successfully inserted in 61 patients.
Of six patients who did not have a graft inserted,
three with ruptured AAA died of uncontrollable
hemorrhage (two) and cardiac arrest (one) during
surgery, and three did not have an aortic procedure.
A 73-year-old woman with pneumococcal pneumo-
nia underwent splenectomy for “spontaneous”
splenic rupture in the presence of a 3.6 cm nonrup-
tured infrarenal AAA that was correctly diagnosed
with CT (Table I), a 69-year-old man underwent
open cholecystectomy for acute cholecystitis in the
presence of an 8 cm nonruptured thoracoabdominal
aortic aneurym that was misdiagnosed as ruptured
with CT (Table I), and a 75-year-old man who had
undergone repair of an inflammatory infrarenal AAA
9 months previously was found to have a leaking
suprarenal aneurysm at laparotomy (misdiagnosed
with CT), and no repair was attempted. The hemo-
dynamic status on admission to hospital, CT, and
operative findings for the 67 patients who under-
went operation are shown in Table III. Eight
patients were hypotensive (systolic blood pressure
less than 100 mm Hg) before CT; all had ruptured
aneurysm confirmed at operation, and all survived
aneurysm repair (Table IV). CT correctly diagnosed
rupture in 22 of 28 patients found to have ruptured
aneurysm, all of whom underwent operation within
24 hours of presentation, and correctly excluded
rupture in 30 of 39 patients found to have a non-
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Table II. Clinicopathologic data for seven patients who underwent computed tomography and did not
undergo operation
Outcome and 
Age (yr) Sex Clinical presentation CT diagnosis Reason not operated clinical diagnosis
73 F Hypotensive; transferred Rupture Chemotherapy for Died day 3, rupture
from another hospital myeloma
73 M Hemodynamically stable No rupture Considered non- Died day 5, rupture
ruptured AAA
75 F Hemodynamically stable Rupture TAAA Unfit for TAAA repair Died day 2, rupture
78 M Hemodynamically stable, Rupture Immobile, CRF, possible Died same day, rupture
weight loss, altered bowel coexisting neoplasia
habit, vomiting; transferred
from another hospital
82 M Hypotensive initially but Rupture Severe ARF Died day 1, rupture
hemodynamically stable the
following day; transferred
from another hospital
84 F Hemodynamically stable No rupture Considered nonruptured Survived; ruptured AAA 
AAA 1.5 months later
86 M Hypotensive with acute renal Rupture Severe ARF Died day 4, rupture
failure; delayed transfer
from another specialty
F, Female; M, male; ARF, acute renal failure; CRF, chronic renal failure; TAAA, thoracoabdominal aortic aneurysm.
Table III. Hemodynamic status on admission and computed tomography findings in 67 patients who
underwent operation
Operative diagnosis Rupture No rupture
CT diagnosis Rupture No rupture No rupture Rupture
Clinical presentation
Hemodynamically stable 15 5 30 9
Hypotensive 7 1 — —
Total number of patients 22 6 30 9
ruptured aneurysm at operation. Sensitivity and
specificity of CT when compared with operative
findings were therefore 79% and 77%, respectively.
Contrast-enhanced CT correctly diagnosed rupture
in 8 of 12 patients found to have ruptured aneurysm
(sensitivity, 67%) and correctly excluded rupture in
13 of 16 patients (specificity, 81%). CT without con-
trast correctly diagnosed rupture in 17 of 20 patients
found to have ruptured aneurysm (sensitivity, 85%)
and correctly excluded rupture in 17 of 21 patients
(specificity, 81%). In the five patients who under-
went CT in another hospital, rupture was correctly
diagnosed in two, correctly excluded in one, and
incorrectly diagnosed in two patients.
Operation was delayed in six patients in whom
CT was incorrect, and all remained hemodynamical-
ly stable in the period between CT and operation
(Table V). Two of these six patients had a false-neg-
ative CT, one underwent aneurysm repair on the
next available elective operating list 3 days after CT,
and one, who was considered unfit for AAA repair,
underwent aortography and a failed attempt at
“wiring” of his aneurysm before operation 20 days
after CT. Four of these six patients had a false-posi-
tive CT; one patient with a long-standing right-
sided hemiparesis underwent operation within 48
hours after a period of observation and discussion
with patient and family; one with a 4.5 cm diameter
JOURNAL OF VASCULAR SURGERY
Volume 27, Number 3 Adam et al. 435
Table IV. Clinicopathologic data for eight patients who were hypotensive and underwent computed
tomography before operation
Age (yr) Sex Clinical presentation CT diagnosis Operative diagnosis Outcome
57 M Back and flank pain, vomiting Rupture Rupture Survived
65 F No abdominal or back pain; previous breast carcinoma; Rupture Rupture Survived
possible MI
65 M Abdominal pain No rupture Rupture * Survived
66 M Possible diverticular disease; transferred from Rupture Rupture Survived
general surgery
69 F Coma; previous lung and breast carcinoma; improved Rupture Rupture Survived
within 48 hours
76 M Back pain and hematemesis; transferred from Rupture Rupture Survived
general medicine
78 M Lower abdominal pain and vomiting Rupture Rupture Survived
80 F Chronic back pain and inability to walk; transferred Rupture Rupture Survived
from general medicine
F, Female; M, male.
*Juxtarenal aneurysm.
Table V. Outcome of 15 patients whose conditions were misdiagnosed by computed tomography
Hemodynamic Operative Delay from
Age (yr) Sex status CT diagnosis diagnosis scan to operation Outcome
73 F Stable No rupture Rupture* Immediate Died day 2; MI
75 M Stable No rupture Rupture* Immediate No graft inserted; died same day
82 F Stable No rupture Rupture Immediate Intraoperative death; MI
65 M Hypotensive No rupture Rupture† Immediate Survived
78 M Stable No rupture Rupture 3 days Survived
63 M Stable No rupture Rupture 20 days Survived
61 F Stable Rupture No rupture Immediate Survived
76 M Hypotensive Rupture No rupture Immediate Survived
68 M Stable Rupture No rupture Immediate Survived
64 F Stable Rupture No rupture* <24 hours Survived
78 M Stable Rupture No rupture <24 hours Survived
62 F Stable Rupture No rupture 2 days Survived
75 M Stable Rupture No rupture 3 days Died day 19; MOF
76 M Stable Rupture No rupture 7 days Survived
69 M Stable Rupture No rupture * 11 days Survived cholecystectomy
F, Female; M, male; MI, myocardial infarction; MOF, multiple organ failure.
*Suprarenal aneurysm.
†Juxtarenal aneurysm.
infrarenal AAA underwent aortography and then
surgery on the third day after CT because it was con-
sidered by the vascular surgeon that the CT scan was
incorrect; one patient was referred to this unit after
initial admission to general surgery, the vascular sur-
geon believed that the CT was incorrect, and so the
patient underwent operation 1 week later; and one
patient with thoracoabdominal aortic aneurysm
underwent CT in another hospital before transfer,
the vascular surgeon believed that the CT was incor-
rect, and aortography was performed before opera-
tion 11 days after CT.
For the group of patients who underwent CT,
the 30-day operative mortality rate for ruptured
aneurysm was 10 of 28 (36%), and for emergency
and elective repair of symptomatic nonruptured
aneurysm it was 0 of 9 and 5 of 28 (18%), respec-
tively. The lower mortality rate for emergency repair
compared with that of elective repair of nonruptured
AAA was not statistically significant (p = 0.31,
Fisher’s exact test). Including those seven patients
who did not undergo operation, the overall mortal-
ity rate in those patients who underwent CT was 21
of 74 (28%).
DISCUSSION
It is sometimes difficult to confirm and perhaps
even more difficult to exclude the diagnosis of rup-
tured AAA on clinical grounds alone.6,7 It has been
suggested that in the presence of appropriate find-
ings on history and examination, hypotension and
low hematocrit are strongly suggestive of ruptured
AAA.2 However, a number of other surgical and
nonsurgical conditions mimic ruptured aneurysm,
hypotension is present in only one quarter of
patients with rupture who are admitted to hospital,
and less than half have a palpable pulsatile abdomi-
nal mass.8,9 Although ultrasonography can be per-
formed quickly and can confirm or exclude the pres-
ence of an aneurysm in the vast majority of cases, it
is too insensitive to be valuable in diagnosing rup-
ture.10 When the patient’s condition precludes
extended clinical observation and further investiga-
tions, the likelihood of missing a ruptured AAA may
outweigh the risks associated with what in retrospect
might be considered an unnecessary “negative”
laparotomy. During the period of this study “nega-
tive” laparotomy for rupture was extremely uncom-
mon, accounting for only 2.3% of laparotomies for
suspected rupture, and the mortality rate was 21%.
This result compares favorably with a “negative”
laparotomy rate of 10% and a mortality rate of 50%
reported by Valentine et al.11 Seven patients who
underwent operation for suspected rupture were
found to have a nonaneurysmal aorta. Although
four required laparotomy to deal with other surgical
pathologic conditions, it is possible that a more lib-
eral use of emergency department ultrasonography
might have avoided unnecessary operation in three
patients. More usually, however, in cases of clinical
doubt, there is an increasing tendency to use CT to
augment clinical decision making, even in cases
where the clinical suspicion of AAA is low. For
example, in one series of 142 patients who under-
went CT (in a 23-month period) for suspected rup-
tured AAA, 48 (34%) had an aneurysm, and only 13
(9%) had ruptured.12 Similarly, Kvilekval et al.13 per-
formed CT in 65 of 95 patients (68%) with suspect-
ed ruptured AAA, of whom 16 (25%) had either
another identifiable cause for their presenting symp-
toms or no aneurysm.
Several studies have addressed the accuracy of
CT in cases where there is real clinical doubt after
careful history and examination12-16 ( Table VI). In
many of the previous reports a large proportion of
patients with AAA in whom CT was performed did
not undergo operation. In this series, however, 67 of
74 (91%) patients who underwent CT underwent
operation, and the sensitivity and specificity of CT
were 79% and 77%, respectively. Although it is diffi-
cult to determine the accuracy of CT in patients who
do not undergo operation, in this study CT diagno-
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Table VI. Studies reporting accuracy of computed tomography in patients with suspected ruptured
abdominal aortic aneurysm
Year of Number of Number Sensitivity for Specificity for
Author publication CT scans operated rupture (%) rupture (%)
Rosen14 1984 6 5 100 —
Johnson15 1986 47 28 50 100
Weinbaum16 1987 48 40 77 100
Zarnke12 1988 22 11 90 93
Kvilekval3 1990 62 42 94 95
Present study 74 67 79 77
sis and outcome were consistent in six of seven
patients. If these patients are included, the sensitivi-
ty and specificity are 79% and 78%, respectively. The
sensitivity and specificity in the patients who were
hemodynamically stable before operation were 79%
and 77%, respectively, and the sensitivity in hypoten-
sive patients was 88%. Weinbaum et al.16 have advo-
cated CT for patients who are hemodynamically
unstable without a palpable or known aneurysm but
in whom the diagnosis of ruptured AAA is suspect-
ed. However, in this study all of the 14 patients with
suspected ruptured AAA who were hypotensive on
admission to the hospital required surgery; eight
patients who underwent CT had ruptured aneurysm
diagnosed at operation (Table IV), and six patients
had other acute intraabdominal surgical pathologic
conditions other than AAA that were responsible for
their signs and symptoms (Table I). It is fortunate
that no deaths occurred among the eight hypoten-
sive patients with rupture who underwent CT, and
we currently advocate laparotomy without CT in
patients who are hypotensive, in whom myocardial
infarction has been excluded, and in whom ruptured
AAA is suspected.
Present data, together with considerable experi-
ence in treating patients with ruptured AAA,17-19
lead us to conclude that in most patients, clinical
examination is adequate. If, as judged by an experi-
enced vascular surgeon on the basis of an aggrega-
tion of symptoms and signs, rupture cannot be
excluded and the patient has no medical contraindi-
cations to AAA repair, the patient should be taken
directly to the operating department because CT has
little, if any, additional diagnostic value.
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